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Abstract: This study aimed to analyze the differences between clusters obtained by the acute
fatigue effect following an ultra-endurance event on the internal and external load of cyclists. 26
volunteers participated in the study, divided into the experimental group (N = 18; height: 177 +
8 cm; body mass: 78.6 + 10.3 kg) and the control group (N = 8; height: 176 + 10 cm; body mass:
78.0 + 15.7 kg). The experimental group completed a 12 h non-stop cycling event. Jump height,
lactate, plasma antioxidant capacity, pain perception and fatigue perception were measured
before and after the event. Cyclists of the experimental group were classified taking into account
their training characteristics (recreational vs. competitive) and conducting non-supervised K-
means clustering. The differentiation of cyclists according to training characteristics resulted in
a lower distance covered by recreational cyclists than competitive cyclists (279.4 + 39.7 km vs.
371.0 £ 71.7 km; ES = 0.8; p < 0.01), although no differences were observed in the other variables
between groups (p > 0.05). The clustering analysis resulted in two clusters. Cluster 2 suffered a
greater jump height decrease (-3.3 £ 1.6 vs. 1.2 £ 0.8; ES = 0.8; p < 0.001) and increased pain and
fatigue perception (ES = 0.5; p < 0.05) after the race than Cluster 1. In conclusion, counter-
movement jump and fatigue / pain perception can differentiate the fatigue produced by a cycling
ultra-endurance event and therefore, these non-invasive measurements are useful in fatigue
monitoring and recovery planning.
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1. Introduction or multiple sporting modalities (Turner et al.,

Interest and participation in ultra- 2014). Elite and recreational age group
endurance events (endurance races with a athletes take part together in these events, the
duration of at least 6 hours) have increased in participation in the age groups of between 30
recent years (Scheer, 2019; Shoak et al., 2013), and 60 years having increased over recent
now including a wide variety of events decades (Nikolaidis et al., 2021). More
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specifically, this participation increase has
also been observed in ultra-endurance
cycling events (Scheer, 2019). However, goal
setting in ultra-endurance events differs
between participants, in that the race
includes some participants who only want to
finish the race and others who compete and
are focused on sporting performance, so
providing different participants profiles
(Vitti et al., 2020).

Performance in endurance exercise
across the different types of events is closely
related to the delay in physical capacity
decrease associated with the onset of fatigue
(Maunder et al., 2021). The physical demands
of cycling depend on the type of race, and the
mechanisms involved in fatigue onset will
vary with the specific task performed (Carins
et al, 2005). Hence, determining the
outcomes related to cycling performance in
each type of race will allow us to accurately
monitor fatigue. The tools employed by
previous studies to assess fatigue status in
ultra-endurance events gathered information
on different outcomes such as internal load
(e.g., oxidative stress or blood lactate)
(Dantas et al.,, 2014; Stelzer et al., 2015),
external load (e.g., training impulse or jump
performance) (Bescds et al., 2011; Truppa et
al., 2020), and subjective load variables (e.g.,
fatigue perception) (Smith et al., 2020). For
example, a previous study observed that an
ultra-endurance cycling event results in a
decrease of hemoglobin levels, decrease of
body mass, jump performance, and peak
torque during an isokinetic test (Clemente-
Suarez, 2014).

Although there is lack of research
into the effect of cycling profile (e.g.,
professional vs. recreational) on

physiological responses during and after a
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ultra-endurance cycling event, it is known
that cycling profile can affect pedaling
kinematics, muscle recruitment, pedal forces
and physiological outcomes (Bini et al., 2016;
Chapman et al., 2008; Coyle et al., 1991;
Garcia-Lépez et al., 2016). Due to the
differences in profiles at ultra-endurance
events, it would also be interesting to know
the variability of the internal load response to
these competitions, with the aim of
optimizing recovery planning. Although in
recent years cluster analysis has been used by
some cycling studies to determine different
physiological responses depending on the
type of terrain and specialization (Gandia et
al, 2020) or the anthropometric
characteristics associated with sprint or
endurance performance (van der Zwaard et
al., 2019), to the author's knowledge this
technique has not been used in cycling ultra-
endurance competitions for assessing
different fatigue profiles. Nevertheless, one
previous study did reveal the potential of
clustering for evaluating the effect of fatigue
on endurance exercise by assessing the effect
of a marathon on running biomechanics
(Clermont et al., 2019).

The aim of this study was to analyze
the differences between clusters obtained by
the acute fatigue effect following an ultra-
endurance event on the internal and external
load of cyclists. Moreover, a classification
based on the profile (recreational vs.
competitive cyclists) was performed to
compare how these profiles differ in their
fatigue compared with non-supervised

clustering.

2. Materials and Methods

Sample —26 volunteers were divided

into either the experimental group (n=18) or
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the control group (n = 8). The control group
remained awake during the event but did no
exercise. Table 1 shows the characteristics of
the sample. Participants were recruited from
individuals enrolled in a cycling event and
who had to be (1) a physically active cyclist,
(2) have experience with ultra-endurance
races, (3) have participated in at least one

ultra-endurance event, (4) signed up in the

Table 1. Characteristics of the participants in the sample.

individual category of the event and (5) to
have not suffered an illness or an injury in the
last two months. Exclusion criteria included
voluntary withdrawal from the study or
inability to complete the entire cycling event.
All participants signed a written informed
consent agreeing with the protocols and

voluntary participation. The study was

Experimental Group

Control Group

Characteristics (n=18) (n=8) P Value
Age (years) 47 +10 31+8 0.001
Height (cm) 177 £ 8 176 £ 10 0.691
Body Mass (kg) 78.6 £10.3 78.0+15.7 0.914
Body Mass Index (kg/m?) 25+3 25+4 0.617
Adipose Tissue (%) 184+75 18.06 £9.3 0.913
Skeletal Muscle (%) 60.6+7.9 57.02 +9.60 0.334
Weekly Training (km) 289.7 £126.3 124.0 £ 126.0 0.017

P Value was calculated through Mann-Whitney test for non-parametric variables (p < 0.05) and t-test for parametric variables (p > 0.05).

performed in agreement with the
Declaration of Helsinki and approved by the
ethics committee of the local institution
(University of Valencia, [ref. 1877154]).
Experimental Design —The experimental
approach consisted in observational research
with the incorporation of a control group.
Participants completed a nocturnal 12 h non-
stop cycling event (from 20:00 to 08:00) on the

Ricardo Tormo racing circuit, Valencia,

P

12h

-7
-~ non-stop .

Spain. The aim of the race was to cover the
maximum number of kilometers going
around the circuit over a period of 12h
(Figure 1), being free to stop to rest or eat
whenever they wanted. Drafting during the
race was allowed. Conditions during the
competition were a mean environmental
temperature of 19°C and an altitude of 154 m.

Participants were requested to avoid

intense exercise the day before the race and

o
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Figure 1. Design of the study. CM]J: Counter Movement Jump; [La-]: Lactate; FORD: Free Oxygen Radical

Defence Test.
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to maintain their usual hydration and
nutrition habits, including stimulant drinks
(e.g., coffee), but avoid alcohol, and sleep at
least seven hours the night before the race.
Participants were allowed to self-select their
nutritional and hydration strategies to avoid
detrimental  effects on their sport
performance.

Methodology — All the measurements
[countermovement jump (CM]), lactate
concentration, pain and fatigue perception
and antioxidant response] were performed at
two moments: pre-race (over the two hours
before starting the race) and post-race
(immediately after the race ends).

Participants performed the CMJ using a
contact mat (model DIN-A3, Chronojump
Bosco-System, Barcelona, Spain). They were
encouraged to jump as high as possible and
they were provided with information about
the following technique: to hold a start
position from a standing posture with the
hands placed at the hips to minimize the
influence of arm movements and to perform
the fastest possible upward movement by
jumping as high as possible and landing on
their toes (Petrigna et al., 2019). Knee flexion-
extension range was self-selected by the
participants for achieving the highest jump
height. Prior to the test, participants were
allowed to perform several jumps at low
intensity to familiarize themselves with the
protocol. Then, each participant completed
three repetitions of the CM]J performed with
arest interval of 30 s between repetitions. The
mean of the three jumps was used for
analyzing jump height (Claudino et al., 2017).

Blood lactate [La] was measured
employing a portable Lactate Scout + system
(SensLab CmbH, Leipzig, Germany and EKF
Diagnostics GmbH, Barleben, Germany)
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from 5 ul blood samples collected from the
right hand (Tanner et al., 2010).

Plasma Antioxidant Capacity was
determined using the FORD test (Callegari,
Catellani, Italy) (Lewis et al., 2020; Pavlatou
et al., 2009), a colorimetric essay that relates
the discoloration of the sample with
antioxidants concentration, according to
Lambert-Beer law (Pavlatou et al., 2009). A
single drop of finger capillary blood (20 uL)
was extracted. The chromogen that contains
4-amino-N,N-diethylaniline sulfate in
presence of an acidic buffer (pH =5.2) and a
suitable oxidant (FeCls) form a stable radical
cation photometrically detectable at 505 nm
(Pavlatou et al, 2009). Antioxidant
compounds present in the sample reduce the
radical cation producing a discoloration of
the solution (Pavlatou et al, 2009). The
absorbance values are compared with
standard curves of Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) and
FORD values are ranged from 0.25 to 3.0
mmoleL! (Pavlatou et al., 2009).

Perception of fatigue and pain was
measured using a 150-mm visual analogue
scale (VAS) (Miindermann et al., 2002). The
scales were labelled from the left as “absence
of fatigue/pain” (0 mm) to the right as
“highest fatigue/pain imaginable” (150 mm).
Fatigue and pain were measured taking into
account the following regions: overall, legs
and arm. Participants marked their
perception on the scale of each region before
and after the race. The values were calculated
measuring from 0 to the marks in cm with a
sensitivity of one millimeter.

Post-race measurements were
performed immediately after the race
finished (specially blood samples, that were

measured less than 1 minute after stopping
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cycling). It should be borne in mind that not
all participants finished at the same time.
Once the 12 hours were up, the leaders
stopped when the last ones were just starting
the last lap, or in the middle of it. The
distance of the circuit meant that there was a
margin of about 15 minutes between the
fastest and the slowest, allowing everyone's
blood samples to be measured as soon as they
finished. After measuring the entire
experimental group, the measurements of the
control group were performed.

Time per lap and the number of laps
completed by each participant were
provided by the organizers of the event.
Speed Lost was calculated as the percentage
of speed reduction obtained between the
fastest lap achieved during the first and the
last 10 laps of the event. The fastest lap of the
event of each participant was also recorded.

Two classifications of cyclists were
undertaken, one according to established
criteria based on demographic characteristics
(Priego et al., 2018), and the second one by
clustering statistical methods taking into
account the outcomes measured in the
competition (Hartigan & Wong, 1979). The
classification provided by (Priego et al., 2018)
for amateur cyclists was employed,
recreational cyclists being considered as
those who trained weekly but covered less
than 260 km and competitive cyclists as those
who trained weekly and covered more than
260 km. Non-supervised K-means clustering
(Hartigan & Wong, 1979) was conducted
using R Studio software (version 2022.02.3,
package “cluster”, Posit company, Boston,
USA) to divide cyclists (experimental group)
according to the variation (A: post-race result
— pre-race result) of three of the internal load

outcomes obtained: jump height, lactate and

FORD. Before clustering, the silhouette
method was used to determine the optimal
number of clusters (Rousseeuw, 1987) for
introducing this number of dimensions into
the K-means algorithm.

Statistical Analyses— Statistical analyses
of the data were performed with R Studio
Software (version 2022.02.3). Results are
reported as mean + SD. The normality of the
variables was  checked wusing the
Kolmogorov-Smirnov test. Student t-test for
paired data was used to identify differences
between pre-race and post-race in parametric
variables and the Wilcoxon test for non-
parametric  variables for each group
(experimental and control). Kruskal-Wallis
rank sum test with Mann-Whitney U post-
hocs were applied to assess the differences in
outcomes measured and demographic
characteristics between profiles (recreational
vs. Competitive vs. Control) and the clusters
obtained with the K-means clustering in non-
parametric variables, while a Student t-test
for independent samples was applied in
parametric variables. Effect size (ES) was
reported in those variables with a
significance p < 0.05. ES for parametric
variables was calculated through Cohen’s D
and R Wilcoxon for non-parametric variables
(Cohen, 1988; Tomczak & Tomczak, 2014). ES
were classified as small (ES 0.2-0.5), moderate
(ES 0.5-0.8) or large (ES > 0.8) (Cohen, 1988).

The level of significance was set at p < 0.05.
3. Results

Ultra-endurance  event  response of  the
experimental —and control group - The
experimental group completed 78 + 19 laps
during the 12-h of the event and averaged
36.9 = 4.6 Km/h during the fastest lap of the
race. The average speed decreased 15.1 +
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8.4% in the last 10 laps in comparison with
the first 10 laps (36.7 + 4.6 vs. 31.0 £ 3.9; ES =
1.3; p < 0.001).

experimental group was lower in post-race

Jump height in the

than at the pre-race moment (ES = 0.3; p =
0.009) (Table 2). However, no statistical
differences were observed between pre-race
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and post-race moments in the experimental
group in lactate and FORD (p > 0.05).
Concerning perceptive measurements, all the
measurements showed higher values in post-
race moment than pre-race (ES > 0.8; p <
0.001). No
observed in the comparison between pre-

statistical differences were

Table 2. Differences between pre- and post-race measurements in experimental and control group.

Experimental Group (N = 18)

Control Group (N =8)

Characteristic Pre Post Pre Post
Jump Height (cm) 21.6 +6.1 19.8 + 5.8t 24 +9 24 +8
Lactate (mmol/L) 1.1+15 1.0+0.5 0.7+0.4 0.5+ 0.3*
FORD (mmol/L) 0.62+0.38 0.57 +0.28 0.61+0.33 0.75+0.38
Overall Pain (cm) 1.1+15 9.0 + 4.4 1.1+18 1.7 £1.9%L
Legs Pain (cm) 14+1.7 10.0 £ 4.2t 12+15 2.5 +3.2*L
Arms Pain (cm) 1.2+1.7 8.8 +4.4tL 1.1+15 1.3 +1.5%L
Overall Fatigue (cm) 1.8+1.4 10.4 +3.8% 1.5+15 3.7 +3.5%L
Legs Fatigue (cm) 1.7+1.6 10.5 £ 4.3 14+1.2 3.3 +4. 1%L
Arms Fatigue (cm) 13+17 9.1+4.6' 0.6+0.8 0.8 + 0.9

Mean + SD. Differences between pre and post measurements (t p < 0.01). Differences between experimental and control group in

post-race moment (* p < 0.05; ** p <0.01). S = Small ES; L = Large ES.

Table 3. Characteristics of recreational and competitive cyclists.

Recreational (N =

Competitive (N =

Characteristics 10) 8) P Value
Age (years) 48+8 43+12 0.289
Height (cm) 174+ 6 181+38 0.052
Body Mass (kg) 77.8 +10.0 794+113 0.754
Body Mass Index (kg/m?) 26+4 24+2 0.272
Adipose Tissue (%) 20.1+64 16.4£8.6 0.308
Skeletal Muscle (%) 58.7+6.9 62.9+9.0 0.282

Mean + SD.

race and post-race values in any of the
variables assessed in the control group (p >
0.05).

No

experimental

the

group were

differences between

and control
obtained in pre-race measurements for any
variable (p > 0.05). Regarding post-race
assessments, the control group obtained
lower values than the experimental group in
lactate (ES = 1.2; p < 0.05) and perceptive
measurements (ES > 2.5; p < 0.01), but no

differences were observed in the remaining

variables between the groups in post-race
measurements (p > 0.05).

Ultra-endurance event response depending
on training characteristics - The groups
classified, depending on training
characteristics, resulted in ten recreational
cyclists and eight competitive cyclists (Table
3). For the non-supervised clustering, the
silhouette method reported an ideal number
of two clusters (Figure 2.A.), and the K-
means clustering provided two clusters of 6

and 12 participants (Figure 2.B).
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Ultra-endurance event response according
to profile and cluster - No statistical differences
were obtained in any of the variables
assessed  between  recreational and
competitive cyclists (Table 4) (p > 0.05).
Distance performed is the only variable

Optimal number of clusters

Average silhouette width
o o o
N w IS

°
=

o
o

which presented statistical differences
between groups, showing a lower distance
performance in recreational than in
competitive cyclists (279.4 + 39.7 km vs. 371.0
+71.7 km; ES =1.6; p <0.01).

Cluster plot
3-

Dim2 (32.5%)

Number of clusters k

cluster

;
[4] 2

Figure 2. Clustering of participants using k-means. (A) Optimal number of clusters determination using
silhouette method for the data and (B) participants distribution where points in the same color correspond to

the same cluster.

No differences were observed in AJump
Height between the recreational and control
groups (p > 0.05), but a greater Jump Height
decrease was observed in competitive
cyclists than in the control group (p < 0.05).
Regarding perceptive variables, recreational
and competitive cyclists presented greater
variations in all the variables than the control
group (p < 0.01). In addition, recreational
cyclists presented more years (age) than the
control group (p < 0.001). No statistical
differences (p > 0.05) were observed between

recreational, competitive and control group

in the remaining variables: ALactate,
AFORD, Height, Body Mass, Adipose Tissue,
Muscle Mass and BML

The differences between clusters are
presented in Table 5. Generally, Cluster 1
presented the greater pain perceived after the
competition, and Cluster 2 was the group
with the greatest jump height decrease, and
greatest fatigue perceived after the
competition (ES > 0.5 p < 0.05). No
differences were observed in distance
performed, lactate, FORD, and
anthropometric characteristics (height, body
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mass, adipose tissue, muscular mass, body between clusters (p = 0.6) in the distance
mass index) between groups (p > 0.05). performed during the competition.

Moreover, no differences were observed

Table 4. Differences between Recreational and Competitive cyclists.

Characteristic Recreational Competitive Control
A Jump Height (cm) -1.0+22 -28+28 0.6 1.9t
A Lactate (mmol/L) 0.6+1.8 0.5+0.8 -0.3+0.7
A FORD (mmol/L) -02+0.6 02+04 0.02 +0.67
A Overall Pain 8.03+4.10 78+4.5 0.6 + 1.1###HL
A Legs Pain 85+4.1 8.8+4.6 1.4 + 3.2#HL
A Arms Pain 74+44 78+42 0.2 + 0.3#HHL
A Overall Fatigue 8.8+4.1 83+45 2.3 £3.2#HL
A Legs Fatigue 87+43 91+49 1.9 + 3.8#HL
A Arms Fatigue 82+42 73+4.6 0.1 £ 0.2###HL
Age (years) 479+8.2 42.8+11.7 31 + 8#L
Height (cm) 1739+ 6.4 181.0+8.0 176 +10
Body Mass (kg) 77.8+10.0 794+11.3 78 +16
Adipose Tissue (%) 20.1+6.4 16.4+8.6 18+9
Muscular Mass (kg) 58.7+6.9 62.9+9.0 57 +10
BMI (kg/m?) 258+3.5 242+23 252+45
Distance Performed 2794 +39.7 371.0 £ 71744 00
(km)
Speed Lost (%) 147+ 8.8 156+7.4 0+0
Fast Lap (Km/h) 35.0+43 39.3+33 00

Mean + SD. A = Variation (post-pre). Differences between Recreational and Competitive in each variable (** p < 0.01). Differences between
Recreational and Competitive in each variable (** p < 0.01). Differences between Recreational and Control Group in each variable (# p < 0.05; ##
p <0.01; ### p < 0.001). Differences between Competitive and Control Group in each variable ( p < 0.05; t+ p <0.01; t11 p <0.001). L = Large
ES.

Table 5. Differences between the cluster groups.

Characteristic Cluster 1 Cluster 2 Control P Value
A Jump Height (cm) 1.2+0.8 -3.3 £ 1.6"T 0.6 £ 1.9t <0.001
A Lactate (mmol/L) -0.7+25 02+0.7 -0.3£0.7 0.4
A FORD (mmol/L) -0.3+0.5 0.1+0.5 0.02+0.67 0.2
A Overall Pain 5.3 £2.9%L 9.3+4.2 0.6 £ 1.1t% <0.001
A Legs Pain 6.6 +4.1M 9.6 £4.0 1.4 +3.21M 0.004
A Arms Pain 6.8 + 3.4#L 8.0+4.6 0.2 + 0.3 0.001
A Overall Fatigue 55£3.6 10.2 +£3.6"M 2.3 £3.2tL 0.002
A Legs Fatigue 6.5+3.9 10.1+4.3 1.9 +3.81M 0.006
A Arms Fatigue 6.8 + 3.4 83+4.7 0.1+ 0.2t 0.001
Age (years) 50 + 11+ 43+9 31 + 8t 0.007
Height (cm) 175.7+7.9 177.8 £8.1 176 £ 10 0.8
Body Mass (kg) 7911 7810 78 £16 >0.9
Adipose Tissue (%) 23+8 16+7 18+9 0.3
Muscular Mass (kg) 58+9 62+7 57 +10 0.4
BMI (kg/m?) 25.76 +4.09 2473 +2.51 252+45 0.8
Distance Performed (km) 302+ 67 329+75 0+0 0.6
Speed Lost (%) 13.9+8.1 15.7+8.2 0+0 0.7
Fast Lap (Km/h) 35.5+4.9 37.7+4.0 0+0 0.3

Mean = SD. A = Variation (post-pre). Differences between Group 1 and Group 2 in each variable (* p < 0.05). Differences between Group 1 and
Control Group in each variable (# p < 0.05; ## p < 0.01). Differences between Group 2 and Control Group in each variable (t p < 0.05; 1 p <
0.01; t+t p <0.001). S = Small ES; M = Moderate ES; L = Large ES.
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4. Discussion

The aim of this study was to assess
the differences between clusters obtained by
the acute fatigue effect after a cycling ultra-
endurance event. The main results of this
study were that 1) 12-h of cycling did not
alter FORD and lactate values but jump
height and fatigue/pain perception were the
main outcomes altered, 2) recreational and
competitive cyclists did not differ in their
response to the event, and 3) non-supervised
clustering provided two groups depending
mainly on CMJ decrease, these groups also
differing in pain and fatigue variation.

Ultra-endurance events are highly
demanding activities, and the decrease in
jump height, together with increased values
of pain and fatigue perception, support this
insight. However, the physiological markers
measured (lactate and FORD) did not show
any statistical difference. Previous studies of
ultra-marathon events observed greater
values of lactate in athletes following the race
(Mrakic et al., 2015; Wolff et al, 2022),
contrasting with our results. These studies
were performed during trial running and
their lactate value suggested a high
contribution of anaerobic metabolism
(Mrakic et al., 2015). However, Suérez et al.
(2011) did not obtain variations on lactate
values after completing a 20-hour ultra-
endurance event of kayak and cycling. One
possible explanation may be that these long-
duration events are performed under low
intensities due to the difficulty of
maintaining high intensities, so reducing the
accumulation of lactate (Suarez et al., 2011)
and lactate production (Yang et al., 2020). It
could also be due to a depletion of
intramyofibrillar glycogen produced by a
long-duration exercise (Ortenblad et al,
2013), a decrease in available glucose, a
precursor of lactate, which would also lead to
this decrease in lactate during exercise (Yang

et al., 2020). This discrepancy between results
suggests the need for further research to
clarify lactate behavior after ultra-endurance
exercise. Future studies should measure
muscle glycogen following ultra-endurance
events in order to understand why lactate
does not increase in this type of event, either
because of glycogen depletion or because of
the low intensity which does not demand
these energy pathways. Moreover, the
changes observed in plasma antioxidant
capacity in other studies were produced in
high-intensity activities (Lewis et al., 2016), as
opposed to the present study. In this sense,
the stress hormones released in response to
high intensity exercise increase plasma
vitamin C from the adrenal glands and that
has an effect on plasma antioxidant capacity
(Lewis et al., 2016).

We classified the cyclists of the study
according to their weekly training (Priego et
al., 2018) in order to study whether the acute
effect of an ultra-endurance event was
related with  training characteristics.
However, no statistical differences were
observed in any variables between the
profiles established (p > 0.05). The
classification applied only considered the
number of kilometers accumulated in a week
by amateur cyclists but did not consider
other aspects related to training (e.g.,
intensity) or cycling performance (e.g., FTP).
It seems, therefore, that this classification is
not enough to distinguish physiological
differences between the cyclists included in
the study. However, it is important to take
into account that this classification was
performed only to help in the recruitment of
participants based on demographic data
(Priego et al., 2018).

With the aim of assessing whether
there are different groups according to the
outcomes of an ultra-endurance event, we
conducted a K-means clustering model. This
process divided the cyclists into two groups,
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and the statistical differences suggest that
they were classified according to A Jump
Height. The groups, however, also differed in
A of perceived pain and fatigue. So, Cluster 1
was associated with the greatest pain
perceived after the competition, and Cluster
2 with the greatest jump height decrease, and
higher fatigue perceived following the
competition. However, no differences were
obtained in the performance markers (speed
loss and fastest lap) between groups (p >
0.05). Our results suggest that an ultra-
endurance event may trigger fatigue
mechanisms related with muscle damage or
overall fatigue. Previous studies in ultra-trail
events have reported the presence of muscle
damage in one day (Schenk et al., 2021) and
in stage races (Lecina et al., 2022), obtaining
greater values of muscle damage in the races
of greater durations and elevation-gain due
to the greater presence of eccentric
contractions (Lecina et al., 2022; Schenk et al.,
2021). However, cycling time-trials produce
more muscle damage than mountain stages
during the Tour de France despite being of
shorter durations (Gomez et al, 2003).
Therefore, these studies suggest that muscle
damage after ultra-endurance events not
only depends on duration but is also related
to intensity, specifically in cycling activities.
Hence, the results suggest that participants of
Cluster 2 may have ridden the event at
greater intensity due to the greater fatigue
reflected in jump decrease and subjective
measurements. However, the absence of data
about heart rate or power output intensity
zones makes it difficult to fully support this
statement.

One of the limitations of this study is
the lack of information about internal and
external load data during the race (e.g.,
power output and heart rate) and training
data. Furthermore, the  self-selected
nutritional strategies may affect plasma
antioxidants and lactate assessment, due to

Sanchez-Jimenez et al.

the presence of antioxidant compounds in
sports supplements and the postprandial
release of lactate. Moreover, the absence of
data about oxidative stress biomarkers
makes it difficult to reach conclusions from
FORD results. Finally, as the control groups
were attendees at the competition and not
participants, and we did not have the
possibility to do a proper selection that took
into account the characteristics of the
experimental group, they presented a lower
age and weekly training volume than the
experimental group. Although we believe
that this did not interfere with our results, it
can be considered as a limitation of the study.
Further research is necessary to establish
nutritional strategies, including oxidative
stress biomarkers, antioxidant capacity, and
more continuous data on internal and

external load during the competition.
5. Practical Applications.

The increase of fatigue and pain
perception and decrease in jump eight
suffered by the cyclists in comparison with
control group after completing a 12-h non-
stop cycling event confirms that the
assessment of jump height with CMJ and
perception outcomes are good non-invasive
markers to detect fatigue. CMJ] has been
applied previously to predict fatigue and the
studies have concluded that CM] is a strong
predictor of muscle fatigue (Dawson et al.,
2015; Wu et al., 2019). CM] presents some
benefits such as being a simple, effective and
popular performance-monitoring test for
individual and team sport athletes (Claudino
et al, 2017). Fatigue and pain perception
have been highlighted as important
outcomes to measure during cycling, as they
can have an effect on power output and be
the factor limiting the time before exhaustion
(Salam et al., 2018; Staiano et al., 2018).
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6. Conclusions

Cluster analysis reveals that CM]
and fatigue/pain perception can differentiate
the fatigue produced by an ultra-endurance
event, so making these non-invasive
measurements useful in fatigue monitoring
and recovery planning. Nevertheless,
internal load markers such as lactate and
plasma antioxidant capacity do not seem to
be adequate markers in fatigue assessment
during ultra-endurance events. Cyclists’
profiles, based on demographic and training
characteristics, failed to predict fatigue
following an  ultra-endurance event,
suggesting that new classifications related
with other variables should be considered in
future studies.
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